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Description 
TECHNICAL FIELD 

5 [0001] The present invention relates to a fruit polyphenol derived from a crab apple fruit, out of polyphenols known 
to have a variety of functionalities, and a production process thereof. 

BACKGROUND ART 

10 [0002] A wide variety of polyphenols known as secondary metabolites of plants are present in the plant kingdom. 
Some of these polyphenols have been found to show diversified physiological activities. It has heretofore been dis- 
closed that catechin contained in tea has physiological activities such as antibacterial activity, antioxidative activity, 
anticancerous activity, antiallergic activity, deodoring activity, antiviral activity and blood cholesterol oxidation inhibiting 
activity (See JP-A-63-21 41 83, JP-A-2-6499, JP-A-4-1 78320, etc.). 

is [0003] Further, in JP-A-7-285876, it is reported that polyphenols contained in extracts of unripe apples, unripe pears 
or unripe peaches have activities such as antioxidative activity, blood pressure reducing activity, antimutagenic activity, 
antiallergic activity, anticariogenic activity and deodoring activity. In addition, in "Japanese and Chinese Medicine - 
New Edition" (author: Kaneyoshi Akamatsu, Ishiyaku Syuppan Kabushlki Kalsha, published In 1980, pp. 359 to 360, 
J. Liquid Chromatography, 15(4), 637 to 646(1992)), it is mentioned that apples contain tannins. However, all the 

20 mention is for apples to be eaten fresh or apples to be processed, and no mention is made of crab apples. 

[0004] Thus, it has been found that tea and unripe fruits, for example, have diversified physiological activities. The ( ^ 
present inventor has made intensive studies on a process for producing a polyphenol having a wide variety of physi- 
ological activities economically and efficiently and on raw materials. As a result, the inventor has found that crab apples 
contain a significantly large amount of polyphenols, particularly a condensation tannin (procyanidin). The present in- 

25 vention has been completed based on this finding. 

DISCLOSURE OF THE INVENTION 

[0005] That is, according to the present invention, a fruit polyphenol is provided which is obtained by subjecting a 
30 crab apple fruit to pressing and/or extraction. 

[0006] Further, according to the present invention, a process for producing a fruit polyphenol is provided which com- 
prises the steps of subjecting a crab apple fruit to pressing and/or extraction and then purifying the resulting juice and/ 
or extract so as to obtain a polyphenol fraction. 

[0007] In the present invention, it is preferable to add sulfurous acid in a concentration of 350 to 3,000 ppm at the 
35 time of pressing a crab apple fruit. Further, when a crab apple fruit is subjected to extraction, it is preferable to add 
sulfurous acid in a concentration of 1 00 ppm or higher if a proper amount of alcohol is mixed into the crab apple fruit 
which is then crushed. Then, after a clear extract is prepared, sulfurous acid is preferably added in a concentration of 
50 ppm or higher so as to prevent oxidation. 

40 BEST MODE FOR CARRYING OUT THE INVENTION 

[0008] Hereinafter, the present invention will be described in detail. 

[0009] A fruit polyphenol in the present invention comprises a polyphenol fraction obtained by subjecting a crab apple 
fruit to pressing and/or extraction and then purifying the obtained juice or extract. The purification to obtain the polypne- 
as nol fraction is carried out by treating the juice or extract with an adsorbent, and a fraction adsorbed to the adsorbent 
(hereinafter referred to as "adsorbed fraction") contains a polyphenol. Then, the adsorbed fraction is eluted with an 
anhydrous alcohol (such as ethanol) so as to obtain a purified polyphenol fraction. 

[0010] This polyphenol fraction can be further concentrated to obtain a liquid preparation. Further, when the concen- 
trated polyphenol fraction is subjected to spray-drying or freeze-drying, a powdery preparation can be obtained. 
so [0011] As a raw material of the polyphenol of the present invention, a crab apple fruit is used. An apple is a plant 
belonging to Malus of Rosaceae. and a crab apple refers to a species which has not been subjected to breeding by a 
human or a species which is not or cannot be eaten fresh or processed. Further, as the raw material of the polyphenol 
of the present invention, a ripe fruit and an unripe fruit can be used. 

[0012] Illustrative examples of species of crab apples include Hu Bei Hai Tang, Yin Gui Hai Tang, Xi Fu Hai Tang, 
55 Zhong Guo Ping Guo, Cui Guo, Ya Hai Tang, Ya Sha Guo and Ya Ping Guo which are native to China, Adams Crab, 
Geneva, Gorgeous, Jay Darling, Eieyi, Eley Purple Crab, Malus Robusta, Makamic Crab, Profusion, Royalty, Liset 
Crab, Red Splendor Crab, Tar Tan, and Lemoine Purple Crab. 

[0013] It is said that apples are originated in the Caucasus Province near the Caspian Sea. It is known that a vast 
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number of crab apples have grown in areas from the Uyghur Province in China to Kazakhstan and Uzbekistan bordering 
the Caspian Sea since a long time ago. Particularly, in the vicinity of the Tlan Shan which extends from Shin-gen and 
l-rei in the Uyghur Province in China to the eastern part of Kazakhstan, a large-scale old growth forest of crab apples 
spreads. Crab apples in this area have hardly been used by humans. The crab apple contains a large amount of 
preferable polyphenol component and can therefore be suitably used in the present invention. 
[0014] Further, also in Europe and North America, trees of crab apples which are apples without breeding are still 
observed in many places. These crab trees can also be suitably used in the present invention. 
[0015] As a pressing method, there can be used a method which comprises cleaning an apple fruit as a raw material, 
crushing and pressing the apple fruit with or without addition of suffurous acid so as to obtain a juice, preferably adding 
a pectolytic enzyme, and then subjecting the resulting mixture to means such as centrifugation or filtration so as to 
obtain a clear juice. Meanwhile, as an extraction method, there can be used a method which comprises adding sulfurous 
acid to a cleaned raw material as required, mixing the material with alcohol (such as ethanol or methanol), crushing 
the mixture, extracting the resulting material while the material is being immersed and pressed or being ref luxed under 
heating, concentrating the extract under a reduced pressure so as to remove the alcohol, and subjecting the concentrate 
to centrifugation and filtration or to distribution with an organic solvent such as hexane or chloroform and filtration so 
as to obtain a clear extract. 

[0016] As described above, in the present invention, sulfurous acid is preferably added at the time of pressing and/ 
or extraction. In general, when an apple is pressed to obtain a juice as described above, an appropriate antioxidant is 
added so as to prevent the juice from being discolored brown by oxidation. Illustrative examples of conventionally used 
antioxidants include sulfurous acid and vitamin C. A commonly used concentration of sulfurous acid is 200 ppm or 
lower. Further, to attain an antioxidative effect that is nearly the same as that of sulfurous acid, vitamin C must be 
added in a concentration of 1 ,000 ppm or higher. This is because the concentration of sulfurous acid used in production 
of alcoholic beverages (such as fruit wine) is lower than 350 ppm which is a maximum amount permitted to be added 
by the liquor tax law and it is generally not attempted to add sulfurous acid in a concentration of 350 ppm or higher. 
When sulfurous acid is added in a concentration of 350 ppm or higher, the obtained juice has a strong odor of sulfurous 
acid and cannot be drunk. 

[0017] However, as a result of intensive studies made by the present inventor, it has been found that when sulfurous 
acid is added in a concentration of 350 to 3,000 ppm, more preferably 1 ,000 to 2,000 ppm, more specifically, when a 
sulfite such as potassium metabisulfite is added in a concentration of 350 to 3,000 ppm, more preferably 1 ,000 to 2, 
000 ppm in terms of sulfurous acid at the time of pressing an apple so as to obtain a juice, a polyphenol component 
which is intrinsically contained in the apple can be extracted without damaging the component. When the concentration 
of sulfurous acid is lower than the above range, the obtained juice undergoes an oxidation reaction, and the contents 
of low-molecular-weight components [such as catechin, epicatechin, procyanidin B1 (PB1), procyanidin B2 (PB2) and 
procyanidin C1 (PC1)] are significantly lowered although the total content of all polyphenols in the obtained juice does 
not change. Although details of the reaction are unknown, it is assumed that small molecules are polymerized and 
modified, because the total polyphenol content hardly changes. 

[001 8] As for vitamin C, when it is added in a concentration of 3,500 to 30,000 ppm, more preferably 1 0 : 000 to 20,000 
ppm, it can produce the same effect as that obtained by addition of sulfurous acid in the above concentration range. 
[0019] Meanwhile, when an extraction method is employed, sulfurous acid is preferably added in a concentration of 
100 ppm or higher, when a proper amount of alcohol is mixed into a crab apple fruit which is then crushed. Then, as 
described above, after the alcohol is removed and centrifugation and filtration or distribution and filtration are carried 
out to obtain a clear extract, sulfurous acid is preferably added in a concentration of 50 ppm or higher so as to prevent 
oxidation. 

[0020] As for a purification method, the above clear juice or clear extract is passed through a column filled with an 
adsorbent capable of selectively adsorbing a polyphenol and releasing the adsorbed phenol by use of an eluant, such 
as a styrene-divinylbenzene type synthetic adsorption resin, an anion exchange resin or an octadecyl group chemically 
bonded silica gel (ODS) so as to adsorb a polyphenol fraction. Then, waler is passed through the column for washing. 
Then, a 1 0-1 00% alcohol (e.g. ethanol) solution, preferably an about 50% alcohol solution is passed through the column, 
whereby the polyphenol fraction can be eluted and recovered. The obtained polyphenol solution is concentrated under 
a reduced pressure so as to remove the alcohol, whereby a fruit polyphenol liquid preparation can be obtained. The 
liquid preparation may contain an organic acid such as malic acid, a fatty acid ester or the like. Further, the liquid 
preparation may be spray-drying or freoze-drying either as it is or after an auxiliary agent for powdering such as dextrin 
or the like is added, whereby a fruit polyphenol powdery preparation can be obtained. 

[0021] The fruit polyphenol obtained in the present invention comprises caffeic acid derivatives, p-coumaric acid 
derivatives, flavan-3-ols (catechins), flavonols (quercetin glycosides), dihydrochalcones (phloretin glycosides) and the 
like as simple polyphenol compounds and condensed tannins (procyanidins) and the like as high-molecular polyphenol 
compounds. A polyphenol obtained from a crab apple contains a particularly large quantity of condensed tannins. 
[0022] Further, crab apples of some type contain a specific polyphenol component in particularly large quantity, and 
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conversely, crab apples of some other type contain almost no specific polyphenol component. By use of these crab 
apples, purification of the specific polyphenol component can be carried out very efficiently. 

[0023] The fruit polyphenol obtained in the present invention has a variety of physiological activities. The function- 
alities of a polyphenol derived from an apple are disclosed in JP-A-7-285876. The polyphenol in the present invention 
5 has the activities described in the publication, i.e.. antioxidative activity, blood pressure reducing activity, antimutagenic 
activity, antiallergic activity, anticariogenic activity and deodoring activity. 

[0024] Therefore, the fruit polyphenol produced as described above can be used in drugs as agents having antiox- 
idative activity, blood pressure reducing activity, antimutagenic activity, antiallergic activity, anticariogenic activity and 
deodoring activity. Drugs containing the fruit polyphenol can be prepared by a known method in the form of oral drugs 
w such as a tablet, powders, granules, a capsule and a syrup or parenteral drugs such as a suppository, ointment, nebula 
and injection. 

[0025] Further, the fruit polyphenol can be added to beverages and foods in general so that they can be suitably 
used as beverages and foods having antioxidative activity, blood pressure reducing activity, antimutagenic activity, 
antiallergic activity, anticariogenic activity and deodoring activity. To be more specific, the fruit polyphenol can be added 
is to alcohol beverages, carbonated beverages, fruit beverages, lactic acid bacteria beverages, coffee, tea, ice cream, 
candies, chewing gums, snacks, breads, noodle, and the like. 

[0026] Furthermore, the fruit polyphenol can also be added to cosmetics. Illustrative examples of cosmetics to which 
the fruit polyphenol can be added include skin-care cosmetics and bath cosmetics such as soap, facial wash, cream, 
skin milk, skin lotions, powders, perfume and lipsticks; hair-care cosmetics such as shampoo and rinse; and toothpaste. 

20 [0027] Most of the various functionalities of the above fruit polyphenol according to the present invention are ascrib- 
able to procyanidin fractions. As described in the above description of the production process, these fractions may be 
oxidized and modified during production. Thus, it is important to carry out a purification step in a short time with the 
oxidation suppressed as much as possible. When a crab apple containing a larger amount of procyanidin that an unripe 
apple fruit or a crab apple having composition leaning to a specific component is used, the production step can be 

25 simplified, and separation and purification can be carried out in a shorter time. 

[0028] Further, in the case of unripe fruits of cultivated species such as "Fuji", apple fruits cultivated with special care 
must be collected by thinning one by one carefully during their growth. Meanwhile, in the case of crab apples, they 
grow naturally in the field, neither a fertilizer nor a pesticide must be used for cultivation thereof, and neither efforts 
nor costs are required. Further, since no pesticide is used, the crab apples are high in the safety. In addition, upon 

30 harvesting of the crab apples, unlike thinning works of unripe fruits of cultivated species, all fruits on a tree can be 
collected. Consequently, the harvesting work is quite easy. 

[0029] Hereinafter, the present invention will be further described with reference to Examples. The present invention, 
however, shall not be limited by these Examples in any way. 

35 [Example 1] 

[General Compositional Analysis of Crab Apple Juice] 

[0030] Ripe crab apples were subjected to general compositional analysis. 
40 [0031] Samples: Various ripe crab apples shown in Table 1 and a ripe apple "Fuji" as a comparison were used. 

[0032] Production Process of Samples: The fruit samples were crushed in a mixer and pressed while 1 : 000 ppm in 
terms of sulfurous acid of potassium metabisulfite was being added thereto as an antioxidant. The obtained juices 
were subjected to centrifugation and then filtration so as to obtain clear juices. The obtained clear juices were measured 
for the following items, and the results of the measurements are shown in Table 1. 

45 

(Measurement Items) 
[0033] 

so . Average Weight of Individual Fruit 
Acidity (in terms of malic acid) 
Brix 

Concentration of Saccharose : Measured by high-performance liquid chromatography 
Concentration of Glucose : Measured by high-performance liquid chromatography 

55 
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Table 1 



Kind 


Average Weight 
of Individual Fruit 

(g) 


Acidity (in terms of 
malic acid, g/L) 


Brix 


Concentration of 
Saccharose (g/L) 


Concentration of 
Glucose la/L\ 


Hu Bei Hai Tang 


6 


19 


15.7 


45 


28 


Yin Gyi Hai Tang 


20 


19 


13.7 


31 


14 


Xi Fu Hai Tang 


5 


15 


14.9 


29 


22 


Zhong Guo Ping 
Guo 


143 


22 


11.0 


9.7 


23 


Cui Guo 


16 


12 


17.0 


22 


45. 


Fuji 


256 


3.0 


11.7 


25 


27 



10 



15 



o 



40 



45 



SO 



[0034] As shown in Table 1 , the ripe crab apples were smaller than the ripe apple fruit of cultivated species. Insofar 
as the general analysis values thus measured, none of them particularly characterized the crab apples. 



o 



so [Example 2] 

(Analysis of Polyphenol in Crab Apple Juice) 



[0035] Various kinds of crab apple juices were prepared in the same manner as in the above Example 1. A total 
25 polyphenol content was measured by a Folin-Ciocalteu method and expressed also in terms of chlorogcnic acid. Fur- 
ther, a total procyanidin content was measured by a Porter method and expressed also in terms of procyanidin B2. 
Other polyphenol components were measured quantitatively by high-performance liquid chromatography. The results 
are shown in Tables 2 and 3. 

30 
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[0036] As shown in Table 2, the crab apples have a higher total polyphenol content than Fuji which is an apple to be 
eaten fresh, ft is obvious that the Adams Crab and Royalty species contain about 10 times as much polyphenol as 
Fuji. Further, in terms of the components of the polyphenol, it is obvious that most of the crab apples contain chlorogenic 
acid and epicatechin in large quantity. In addition, it has been disclosed that most of the crab apples contain a large 

5 quantity of condensed tannins which are responsible for many functionalities of the apple fruit polyphenol. It has also 
been disclosed that of the condensed tannins, the contents of dimer fraction procyanidins B1 (PB1) and 32 (PB2) and 
a trimer fraction procyanidin C1 (PC1) which are known to have a hair-growing effect as disclosed in JP-A-8-503021 
are also very high in most of the crab apples. Further, it is also obvious that by use of Royalty containing little procyanidin 
B1 (PB1), a purified product of the procyanidin B2 (PB2) can be obtained easily. As for Red Splendor Crab, the total 

10 procyanidin content is high, but neither PB1 nor PB2 is detected, and the content of PC1 is also low. Therefore, it can 
be said that this species is an excellent material for pu rifying procyanidin fractions (multimers larger than a trimer) other 
than PB1 , PB2 and PC1 . 

[0037] Further, as shown in Table 3, Hai Tang Hua contains at least 10 times as much procyanidins as Fuji. The 
species also has high contents of PB1, PB2 and PC1. Yin Gye Hai Tang contains PB2 in much larger quantity than 
15 PB1 . since both PB1 and PB2 are a dimer, it is difficult to separate them, and yields thereof are low. However, by use 
of the species as a raw material, PB2 can be purified easily. On the other hand, Yariington Mill is excellent as a raw 
material from which PB1 can be separated and purified easily. Similarly, although Lomg Dong Hai Tang has a high 
total procyanidin content, It has low contents of PB1 , PB2 and PC1 . It can be said that this species is an excellent raw 
material to purify procyanidin f ractions (multimers larger than a trimer) other than PB1 , PB2 and PC1. 

20 

[Example 3] 

(Analysis of Polyphenol in Juice of Crab Apple from Uyghur in China) 

25 [0038] Apples produced in the Uyghur Province in China were collected, and polyphenol components in crab apple 
juices prepared by the same sample preparation process as used in the above Example 1 except that 600 ppm of 
sulfurous acid was added to Uyghur crab apples 1 and 2 and 350 ppm of sulfurous acid was added to an Uyghur crab 
apple 3 were measured. A total polyphenol content was determined by measuring absorbance at 280 nm and also 
expressed in terms of chlorogenic acid. Other components were quantified in the same manner as in the above Example 

30 2. The results are shown in Table 4. 
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[0039] The Uyghur Crab Apples 1 , 2 and 3 shown in Table 4 are crab apples produced in l-rei in the Uyghur Province. 

so These apples are ones grown in an old growth forest of crab apples, and their species are not identified. All these crab 
apples contain a large quantity of polyphenol. Particularly, the contents of PB1 and PB2 which are a procyanidin dimer 
and the content of PC1 which is a trimer are very high. While a value obtained by dividing the total content of PB1 , 
PB2 and PC1 by the total polyphenol content is 5% for Fuji, the value is 11 .7% for the crab apple 1, 14.5% for the crab 
apple 2, and 14.5% for the crab apple 3. Since PB1 , PB2 and PC1 have a hair-growing effect, it is understood that it 

55 is preferable to use these crab apples as raw materials so as to purify a fraction containing these 3 components. 
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[Example 4] 

(Production of Polyphenol Fraction from Crab Apple Juice) 

5 [0040] By use of a ripe crab apple produced in the Uyghur Province in China in 1999 as a raw material, a juice was 
prepared by the same sample preparation process as used in the above Example 1 . 190 ml of the obtained juice was 
passed through a Sepabeads SP-850 resin column manufactured by Mitsubishi Chemical Corporation at room tem- 
perature, and the column was then washed with deionized water whose amount was three times as large as the volume 
of the column. After washing, a 50% ethanol aqueous solution whose amount was three times as large as the volume 

10 of the column was passed through the column so as to elute and recover a polyphenol from the resin. As a result of 
freeze-drying the obtained 50% ethanol fraction, 858 mg of polyphenol powder was obtained. As a result of quantifying 
polyphenol components in this powder by the same process as used in the above Example 2, it was found that in 
addition to 1.1% of catechin and 14.0% of epicatechin, 1 .5% of procyanidin B1 , 15.9% of procyanidin B2 and 6.8% of 
procyanidin C1 which are condensed tannins are contained. It was proved that a product containing a high concentration 

75 of polyphenol can be produced from an crab apple easily. 

POSSIBILITY OF INDUSTRIAL UTILIZATION 

[0041] As described above, according to the present invention, by use of a ripe crab apple as a raw material and a 
20 specific purification process, a fruit polyphenol rich in such components as condensed tannins (procyanidins), chioro- 
genic acid and epicatechin can be provided economically and efficiently. 



Claims 

25 

1 . A fruit polyphenol obtained by subjecting a crab apple fruit to pressing and/or extraction. 

2. The fruit polyphenol of claim 1 , wherein the crab apple is at least one selected from the group consisting of Hu Bei 
Hai Tang, Yin Gui Hai Tang, Xi Fu Hai Tang, Zhong Guo Ping Guo, Cui Guo, Ya Hai Tang, Ya Sha Guo, Ya Ping 

30 Guo, Adams Crab, Geneva, Gorgeous, Jay Darling, Eleyi, Eley Purple Crab, Malus Robusta t Makamic Crab, Pro- 

fusion, Royalty, Liset Crab, Red Splendor Crab, Tar Tan, and Lemoine Purple Crab. 

3. The fruit polyphenol of claim 1 , wherein the crab apple is an apple produced in the Uyghur Province in China, 
Kazakhstan or Uzbekistan. 

35 

4. A process for producing a fruit polyphenol which comprises the steps of subjecting a crab apple fruit to pressing 
and/or extraction and then purifying the obtained juice and/or extract so as to obtain a polyphenol fraction. 

5. The process of claim 4, wherein 350 to 3,000 ppm of sulfurous acid is added at the time of pressing the crab apple 



40 fruit. 




6. The process of claim 4, wherein at least 100 ppm of sulfurous acid is added when a proper amount of alcohol is 
mixed into the crab apple fruit which is then crushed at the time of subjecting the crab apple fruit to extraction , and 
at least 50 ppm of sulfurous acid is added after preparation of a clear extract. 

45 

7. The process of claim 4, wherein the crab apple is at least one selected from the group consisting of Hu Bel Hai 
Tang, Yin Gui Hai Tang, Xi Fu Hai Tang, Zhong Guo Ping Guo : Cui Guo, Ya Hai Tang, Ya Sha Guo, Ya Ping Guo, 
Adams Crab, Geneva. Gorgeous, Jay Darling, Eleyi, Eley Purple Crab, Malus Robusta, Makamic Crab, Profusion, 
Royalty, Liset Crab, Red Splendor Crab, Tar Tan, and Lemoine Purple Crab. 

50 

8. The process of claim 4, wherein the crab apple is an apple produced in the Uyghur Province in China, Kazakhstan 
or Uzbekistan. 



55 
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